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Description 

This invention relates to an image forming appara- 
tus, particularly an image forming apparatus to which 
multivalued image data is inputted for forming the data s 
into a visible image which includes half tones, and a 
modulating method therein. 

A pulse-width modulating (PWM) method is known 
as a technique through which half tones are expressed 
based upon an inputted multivalued image signal. 10 

According to the conventional PWM method, a mul- 
tivalued input signal is converted into an analog signal 
which is then compared with an analog waveform (usu- 
ally a sawtooth waveform) used for comparison purpos- 
es, thereby converting the input signal into a pulse-width is 
modulated signal. 

This conventional PWM method will now be de- 
scribed with reference to the timing chart shown in Fig. 
12. 

In the conventional method, as shown in Fig. 12, an 20 
inputted multivalued input image signal VDO is convert- 
ed into an analog voltage waveform by a D/A converter 
using an image clock signal VCLK transmitted in syn- 
chronism with the input image signal VDO, thereby pro- 
ducing an analog image signal AV. 25 

A sawtooth waveform SAW for comparison purpos- 
es generated by an appropriate method and the analog 
image signal AV are compared by a comparator. If the 
voltage of the analog image signal AV is greater than 
the sawtooth waveform SAW for comparison, then an 30 
v output signal OPD of the above-mentioned comparator 
is turned "ON". On the other hand, if the voltage of the 
analog image signal AV is less than the sawtooth wave- 
form SAW for comparison, then the output signal OPD 
of the above-mentioned comparator is turned "OFF". As 3S 
a result, the inputted multivalued input image signal 
VDO is converted into a PWM signal to produce the cor- 
responding recording image signal. 

However, with the conventional PWM method of this 
kind, unstable operation frequently occurs owing to 40 
noise and fluctuation oj a reference potential for dealing 
with the analog signal. This makes it difficult to perform 
a stable conversion to a PWM signal. 

Accordingly, an example of an expedient to solve 
this problem is a method in which the input image signal 45 
VDO is compared in the form of a digital signal without 
beingjpwerting into ah^analog signal. This method is 
implemented by a circuit having a construction of the 
kind«*wn.in-Fig. ia>?^ 'WWII*. 

In Fig. 1 3, a master clock signal GUKus assumed to &o 
have a frequency that is n times that of the input image 
signal VDO. 

The input image signal VDO is obtained in a latch 
circuit 21 in synchronism with an image clock signal 
VCLK obtained by frequency-dividing a master clock ss 
signal CLK using a frequency divider 23. The image sig- 
nal VDO enters a comparator 24. 

Numeral 26 denotes a comparison signal generator 



which generates a comparison signal CMPD for com- 
parison with the input image signal VDO whenever the 
master clock signal CLK is produced. The number of bits 
in the signal CMPD corresponds to the number of bits 
in the input image signal VDO. The comparison signal 
CMPD outputted by the comparison signal generator 26 
is synchronized with the master clock signal CLK in a 
latch before being inputted to the comparator 24. 

The comparator 24 compares the level of the input 
image signal VDO from latch 21 and the level of the com- 
parison signal CMPD from the latch 25, and the result 
of the comparison is outputted as the output image sig- 
nal OPD. When VDO > CMPD holds, the comparator 24 
turns the output image signal "ON". This signal serves 
as the recording signal. 

The comparison signal CMPD enters the compara- 
tor 24 n times while one input image signal VDO is being 
applied to this comparator. Consequently, the output im- 
age signal OPD is 3 PWM signal having n times the 
amount of information possessed by the signal VDO. . 

Fig. 14 shows a" time chart associated with the 
above-described circuit arrangement for a case where 
the input image signal VDO is a six-bit signal, n is four 
and an up/down counter is used as the comparison sig- 
nal generator 26. 

The up/down counter produces a level value ob- 
tained by adding or subtracting a predetermined value 
to or from the immediately preceding level value when- 
ever the master clock signal is generated. The counter 
has upper- and lower-limit values decided for it. Sub- 
traction starts when the upper-limit value is reached as 
a result of addition, and addition starts when the lower- . 
limit value is reached as a result of subtraction. This op- 
eration is performed repeatedly to produce a pseudo- 
sawtooth waveform. With this method, items of data are 
compared with each other so there is no danger of un- .. . 
stable operation of the analog kind. . 

tn the example of the prior art described above, 
however, the minimum pulse width of the output image . 
signal OPD is decided by the frequency of the master; 
clock CLK, and this is^companied by a fimitatiom upon"$&; * 
the number of tones. 

In order to increase the number of tones, the fre- 
quency of the master clock should be raised. However, 
electronic circuit elements have a limit upon their oper- 
ating frequency, and therefore the upper limit of the us- 
able frequency is determined by the electronic circuit eP 
ements employed. As a consequence, a PWM conver- 
sion having a high number often es is difficult to carry 

OUt. '-<w 

In general, high-frequency oscillators and high- 
speed electronic circuit elements having a high operat- 
ing frequency limit are expensive, and it is uneconomical 
to construct all of the circuitry using high-frequency el : 
ements merely for the purpose of a high tonality PWM 
conversion. 

A pulse-width modulating circuit is used in such im- 
age forming apparatus as laser-beam printers and LED 



3 



3 



EP0 421 712 B1 



4 



printers. 

Fig. 15 is a circuit diagram of a pulse-width modu- 
lating circuit in a conventional image forming apparatus, 
and Fig 16 is an operation timing chart associated with 
the circuit of Fig. 15. 5 

Four-bit multivalued image data received from ex- 
ternal equipment (not shown) such as a host computer 
or scanner is loaded in a counter 61 at the leading edge 
of an image clock signal. The counter 61 is successively 
counted down by a count clock signal outputted by a to 
count clock generator 62. When the counter output be- 
comes zero, the counter 61 outputs a carry signal. In 
response, the Q output of a J-K flip-flop 63 is set at the 
leading edge of the image clock signal. The Q output is 
reset by generation of the carry signal. This output of is 
the flip-flop 63 is a pulse-width modulated signal. This 
pulse-width modulated signal enters a laser driver circuit 
(not illustrated) to turn a laser element on and off, there- 
by sensitizing a photosensitive drum (not shown) so that 
half-tone printing may be performed using an electro- 20 
photographic technique. 

However, in order to express a n-tone density using 
the conventional method described above, the count 
clock signal is required to have a frequency that is n 
times the frequency of the image clock signal. For ex- 2s 
ample, if the image clock signal has a frequency of 1 
MHz, a count clock signal having a frequency of 256 
MHz is required in order to express 256 tones by an 
eight-bit multivalued image signal. This means that it is 
necessary to use a high-speed device such as costly 30 
ECL (emitter-coupled logic). Another problem is that ra- 
diation noise tends to be produced owing to the high- 
speed operation. 

In a case where a half-tone image is outputted by a 
laser-beam printer employing electrophotography, a 35 
method is employed in which screen or dither process- 
ing or image processing such as pulse-width modulation 
is performed by a host computer, which has a data gen- 
erating source, or a controller, etc., and binary-coded 
data is inputted to a printer engine section (printer). 40 

In order to deal with J|ie binary-coded data in ac- 
cordance wfth this method, a high-efficiency, half-tone 
data transfer is performed by transfer data compression 
or the like. On the other hand, with regard to the depth 
direction of density, it is difficult to obtain the desired sta- 4S 
bilized tones, despite the fact that the host computer or 
controller transmits the same half-tone image data, ow- 
ing to a delay in the data transmission line, the condi- 
tions of the electrophotographic process and differenc- 
es among equipment. " so 

Furthermore, when different printers are employed 
using the same host computer or controller, etc., the fact 
that the correspondence between dither patterns and 
density differs depending upon the printer means that 
the host computer or controller requires density correc- 55 
tion tables the number of which is equivalent to the 
number of printers connected. These tables conform to 
the printers used. A problem that arises in that it is dif- 



ficult to achieve compatibility with the printers. 

A method is available in which image data having 
tones, such as a document, is read in by an image read- 
er and developed into a dot image to provide each dot 
with a value in the thickness direction. Figs. 17 (a), (b) 
are diagrams illustrating the input/output characteristics 
of a CCD. In a case where a CCD sensor or the like is 
used as the image input section of the image reader, the 
density informatbn possessed by the original image is 
converted into substantially linear voltage informatbn 
proportional to the light reflectedf romthe original image, 
as shown in Fig. 23(a). Since the voltage information 
possesses a logarithmic relation with respect to density 
[Fig. 17 (b)], this signal is subjected to a correction (a y 
correction) in the reader section. However, the image 
undergoes a major change depending upon the extent 
of the correction. 

In additbn, depending upon the model type, the 
host computer connected possesses various fonts em- 
pbyed by the particular manufacturer. Some host com- 
puters tend to express characters boldly, while others 
express characters more finely. 

Thus, there are a large number of varying factors 
for reproducing image informatbn. As a result, when a 
single system is constructed from such components as 
a reader, a host computer and a printer, various prob- 
lems arise. For example, the obtained image may be too 
faint overall and characters may appear too fine. Con- 
versely, the overall image may be too dark and the char- 
acters distorted. In extreme cases, characters appear 
fine and photographs or graphics appear distorted and 
without tone. Conversely, characters become too bold 
to be legible while photographs and graphics appear too 
faint. 

A method that has been proposed to solve these 
problems involves controlling the exposure time per dot 
of the exposing beam by pulse-width modulation - 
(PWM), thereby performing the equivalent of density 1 * 
modulatbn. Attempts have been made to overcome the 
foregoing problems by subdividing the densitymodula- " ■ 
tion steps in order to perform more faithful modulation 
of density. * 

However, in order to subdivide the density modula- 
tion steps, "there is a great, increase in the amount of 
processing performed by the pulse-width modulating 
section (especially the D/A converter contained in the 
PWM section). Furthermore, in the method of controlling 
exposure time per dot of the exposing beam by PWM, 
a varia nce i n pulse, width occurs in a region where pulse 
width is very small. As a consequence, the printing op- 
eration for low density becomes unstable. 

A concern of the present invention is to provide a 
simply constructed, inexpensive image forming appara- 
tus, and a modulating method therein, in which it is pos- 
sible to form a highly toned image. 

Another concern of the present invention is to pro- 
vide an image signal modulating apparatus and method, 
in which a signal for subdividing one period of a clock is 
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formed and a highly toned image signal is produced. 

A further concern of the present invention is to pro- 
vide a pulse-width modulating circuit capable of per- 
forming faithful pulse-width modulation even without us- 
ing a count clock signal having a high frequency. s 

US- A-4, 347,523 discloses a pulse-width modulat- 
ing method in which a fundamental pulse width modu- 
lation signal output as a comparison result is delayed to 
provide a plurality of different delayed pulse width mod- 
ulation signals. However the disclosure of this specifi- 10 
cation does not solve the above mentioned problems 
and uses a high frequency clock signal for counting. 

In accordance with the present invention there is 
provided an image signal modulating device as set out 
in claim 1 and a method of generating a pulse width 1$ 
modulated signal as set out in claim 15. 

An embodiment of the present invention provides 
an image forming apparatus capable of obtaining an ex- 
cellent half -tone image at a high or low density. 

Embodiments of the present invention will now be 20 
described with reference to the accompanying drawings 
in which: 

Fig, 1 is a block diagram illustrating a first embodi- 
ment of the present invention; 25 
Fig. 2 is a diagram showing the detailed construc- 
tion of a delay circuit shown in Fig. 1 ; 
Fig. 3 is a diagram showing the detailed construc- 
tion of a changeover circuit shown in Fig. 1 ; 
Fig. 4 is an operation timing chart of the present em- ' ^30. 
bodiment; 

Fig. 5 is a block diagram illustrating a second em- 
bodiment of the present invention; 
Fig. 6 is a diagram showing the ratios of conversion 
signals D1 through D4 with respect to one pixel of 35 
an input image signal of the second embodiment; 
Fig. 7 is a diagram illustrating the state of multiple- 
tone density realization by the conversion signals 
D1 - D4 shown in Fig. 6; 

Fig. 8 is a diagram showing the relationship be- 40 
tween input image signals and output conversion ^ 
signals D1 - D4 from a ROM in the second embod- 
iment of the invention; 

Fig. 9 is a diagram showing the detailed construc- 
tion of a delay circuit shown in Fig. 5; 45 
Fig. 10 is a diagram showing the detailed construc- 
tion of a changeover circuit shown in Fig. 5; 
Fig. 1XJs an operation timing chart of the second 
embodiment;* 

Fig. 1 2 is a diagram for describing analog PWM ac- so 
cording to the prior art; 

Fig. 1 3 is a block diagram of digital PWM according 
to the prior art; 

Fig. 14 is a timing chart of the digital PWM of Fig. 13; 
Fig.15 is a circuit diagram showing a pulse-width ss 
modulating circuit of a conventional image forming 
apparatus; 

Fig. 1 6 is an operation timing chart associated with 



the circuit shown in Fig.15; 
Fig. 1 7 (a) is a diagram showing the relationship be- 
tween the output voltage of a CCD and the quantity 
of light reflected form an original; and 
Fig. 1 7 (b) is a diagram showing the relatbnship be- 
tween the output voltage of a CCD and the density 
of an original 

Fig. 1 is a block diagram of an embodiment accord- 
ing to the present invention. This embodiment will now 
be described in detail with reference to Fig. 1. 

In this embodiment, an eight-bit input image signal 
is pulse-width modulated into an output signal OPD 
whose minimum pulse width is 1/4 the period of the input 
image signal VDO. According to this embodiment, a 
master clock CLK has a frequency the same as that of 
the input signal VDO. 

The eight-bit input image signal VDO is split into two 
paths by a demultiplexer 1 . One path enters a latch I 2 
and the other enters a latch II 3. These latch circuits are 
synchronized by respective clocks DCLK 1, DCLK 2 
formed from the master clock CLK by a delay circuit 1 0. 
The input image signals thus synchronized by the latch- 
es I 2, II 3 respectively enter comparators I 4, II 5 as 
signals DVD01, DVD02. 

The construction of the delay circuit. 10 is shown in 
Fig. 2. As illustrated in Fig. 2, the delay circuit 10 outputs 
the master clock CLK intact as DCLK1 and outputs the 
signal DCLK2 obtained by applying a 90° phase delay 
to the master clrckGLK^flhe phase delay is applied by 
a delay element 16. 

The clocks DCLK1 , DCLK2 from the delay circuit 1 0 
enter an exclusive-OR (EX-OR) gate 11, which produc- 
es a switching clock SCLK1 the period whereof is 1/2 
that of the master clock CLK. The clock SCLK1 is invert- 
ed by an inverted (NOT) circuit 12, whereby a switching 
clock SCKL2 is produced. The clock SCLK1 enters an 
up/down counter 1 8, a latch V 13 and a changeover cir- 
cuit 15, and the clock SCLK2 enters an up/down counter 
I 29, a latch V1 1 4 and the changeover circuit 15. . 

The o # utput of the up/down counter 1 8 is counjec^wp 
or down whenever the clock SCLK1 enters the counter, 
the output is synchronized with SCLK1 in the latch III 6 
and is then delivered to a comparator I 4 as a compari- 
son signal CMPD1 . 

The up/down counter II 9 and latch IV 7 operate in 
a^similar manner to, produce a comparison signal 
CMPD2 based on SCLK2. The signal CMPD2 is deliv- 
ered to a comparator II 5. ^ 

Tli us, as described above, the image data DVDOI 
and the comparison signal CMPD1 enter the compara- 
tor I 4, in which the two are compared. The output D1 ' 
of the comparator 4 becomes logical T only when the 
relation DVDOI £ CMPD1 holds. Similarly, the image 
data DVD02 and the comparison signal CMPD2 enter 
the comparator II 5, and output D2' of the comparator 5 
becomes logical T only when the relatbn DVD02 £ 
CMPD2 holds. 
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The items of image data D1 \ D2' enter the latches 
V 13, VII 4, respectively, where they are synchronized 
with the respective switching signals SCLK1, SCLK2 
and outputted as image data D 1 , D2. The items of image 
data D1, D2 enter a changeover circuit 15 where they 5 
are alternately selected in successive fashion based on 
the switching clocksignals SCLK1 , SCLK2. The succes- 
sively selected items of data are outputted as serial out- 
put image data OPD. 

The details of the changeover circuit 1 5 are shown io 
in Fig. 3. 

As shown in Fig. 3, the changeover circuit 15 com- 
prises a J-K flip-flop 17, AND gates 18, 19, and an OR 
gate 20. 

The J-K flip-flop 17 is set by the leading edge of the *5 
switching clock SCLK1, and the J-K flip-flop 17 is reset 
by the leading edge of the switching clock SCLK2. As a 
result, the AND gate 19 is opened and the AND gate 18 
closed at the timing of the leading edge of signal SCLK1 , 
and the AND gate 18 is opened and the AND gate 19 20 
closed at the timing of the leading edge of signal SCLK2. 
Consequently, when the signal SCLK2 rises, the image 
data D1 is outputted as the output image data OPD, and 
when the signal SCLK1 rises, the image data D2 is out- 
putted as the output image data OPD. In other words, Z5 
the circuit arrangement is such that the serial image data 
OPD is delivered in an order decided by the latching of 
the latches V 13. V1 14. 

The operation timing of this embodiment is as 
shown in Fig. 4. ♦ ■* • * ■ .-m^ *&*5<m*,30* 

If the frequency of the input image signal VDO in 
this embodiment is 7 MHz, the signals SCLK1, SCLK2 
will have a frequency of 14 MHz and the operating fre- 
quency of each circuit element in the changeover circuit 
15 will be 28 MHz. 35 

Accordingly, it will suffice to use h igh -speed operat- 
ing elements solely for the elements constituting the 
changepver circuit 15, and the EX-OR gate 11 and in- 
verter circuit 13, which are the circuit elements for pro- 
ducing SCLK1 , SCLK2 serving as the control signals of 40 
the changeover circuit 15. The other elements need only 
have a maximum operating frequency on the order of 
20 MHz. 

It should be noted that the delay clocks SCLK1, 
SCLK2 which control the output of the image data Dt , 45 
02 require to be selected to have frequency which will 
prevent initial instability oFffe" leading edges of the im- 
age data D1, D2. 

In this embodiment, the pulse-width modulating sig- 
nal is converted by the digital comparator which com- 
pares the image signal delayed and the comparison sig- 
nal. However, it may be converted by comparing the im- 
age signal and the comparison signal delayed. 



[Second Embodiment] 

A second embodiment of the invention is illustrated 
in Fig. 5. 



55 



In the second embodiment, one period of the eight- 
bit input image signal VDO is divided by four to perform 
pulse-width modulation, just as in the first embodiment 
described above. However, in the second embodiment, 
the signal for pulse-width modulatbn is not divided 
equally. Instead, weighting is performed by suitably ad- 
justing the delay time of a delay clock DCLK, and the 
number of tones per input image signal is made 16. 

In Fig. 5, the eight-bit input image signal VDO is syn- 
chronized with the master clock CLK by a latch 1 27, after 
which the signal is inputted to a VDO/address data con- 
verting circuit 28. The VDO/address data converting cir- 
cuit 28 modifies the density level value of the input im- 
age signal VDO and makes a conversion to address da- 
ta AD for accessing image data stored in a ROM 29. , 

The ROM 29 outputs four-bit image data VD from a 
storage area corresponding to this address data. The 
four-bit image data VD read out of the ROM 29 enters . 
a latch II 30 to be synchronized with the master clock 
CLK again. The image data VD enters a changeover cir- 
cuit 32 as four binary parallel signals D1, D2, D3, D4 
starting from the largest digit. 

The relationship between the input image signal 
VDO and the image data VD (D1 - D4) read out of the 
ROM 29 will now be described. 

In this embodiment, one pixel of the input image sig- 
nal VDO is divided so that the ratios shown in Fig. 6 will 
be established. The items of image data D1 - D4 are 
assigned to these divided pixels of different size. If each 
divided pixel is printed when the value of the assigned 
image data is "1°, then combining the items of image 
data D1 - D4 will make it possible to express 16-tones 
of density per one pixel of VDO. 

In general, it is desired that actual image density 
and the density level value of the image data VD be pro- 
portionally related. However, this depends greatly upon 
the way in which the pixel is divided. In the present em- 
bodiment, dividing the pixel in the manner shown in Fig. 
6 is for the purpose of approaching this proportional re- 
lationship. 

# If possible density level values D based on the com- 
. bination of image data D1 - D4are expressed by assign- 
ing numbers of 0 to 15 starting from the smallest value, 
and if S denotes the percentage of the recording area 
which a certain density level value occupies in one pixel 
of VDO, the relationship between D and S can be ex- 
pressed as a fairly good proportional relationship of the 
kind shown in Fig.X_ 

In the VDO/addresT3ata converting circuit 28 and 
ROM 29, the arrangement is such that VD (D1 - D4) 
shown in Fig. 8 is outputted from the ROM 29 with re- 
spect to the density level value of the input image signal 
VDO in order that the 1 6-tone VD shown in Figs. 6, 7 is 
outputted with respect to the input signal VDO. 

On the basis of delay clocks DCLKi - DCLK4 from, 
a.delay circuit 31 , a changeover circuit 32 successively 
produces the output OPD one bit at a time starting from 
the most significant bit of the image data VD within one 
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period of the input imago signal. 

The details of the delay circuit 31 are shown in Fig. 

9. 

As shown in Fig. 9, the delay circuit 31 comprises 
delay elements I 33 through III 35. The delay element I 5 
33 delays its input signal by 136.8° (38% of one cycle), 
the delay element II 34 delays its input signal by 54° 
(15% of one cycle), and the delay element III 35 delays 
its input signal by 72° (20% of one cycle). As a result, 
the delay circuit 31 successively delays the master clock 10 
CLK applied thereto, thereby producing the delay clocks 
DCLK1 - DCLK4, among which DCLK2 through DCLK4 
each have a phase different from that of the master clock 
CLK. 

More specifically, DCLK1 is in phase with the mas- is 
ter clock CLK, DCLK2 is delayed by 136.8°, DCLK3 is 
delayed by 190.8°, and DC.LK4 is delayed by 262.8°. 

The four delay clocks DCLK1 - DCLK4 produced 
are out putted to the changeover circuit 32. The details 
of the changeover circuit 32 are shown in Fig. 10. ?o 

The changeover circuit 32 is adapted to convert 
(pulse-width modulate) the four-bit parallel data D1 - D4 
from the latch II 30 into a serial pulse-width signal by 
delay clocks DCLK1 through DCLK4. The delay clock 
DCLK1 inputted to the changeover circuit 32 places a 25 
J-K flip-flop 36 in the set state at the leading edge of the 
signal, thereby opening an AND gate 40 so that the im- 
age data D1 is delivered as the output signal ODP 
through an OR gate 44. Next, when the delay clock 
DCLK2 rises, the J-K-flip-flop 36 is placed in the reset &> 
state, thereby clocking the AND gate 40. 1 n other words, 
the output of the image data D1 contin ues until the mo- 
ment the AND gate 40 is closed. 

In response to the rise of the delay clock DCLK, a 
flip-flop 37 is placed in the set state, thereby opening an 35 
AND gate 41 to deliver the image data D2 as the output 
signal ODP. The output of D2 continues until the delay 
clock DCLK3 rises. 

Thenceforth, and in similar fashion, D3 is outputted 
as the output^signal ODP until DCLK4 rises, and D4 is 40 
outputted as the output signal ODP until DCLK1 rises. 

Fig. 11 illustrates the operation timing of pulse-width 
modulation of the input image signal VDO of the second 
embodiment. 

The procedure of image data transmission by the *5 
chan geov er circuit 32 "corresponds to carrying out 
weign¥ng Dy changing tnW 

to eacrfof the iterffe*¥>f image data D1 - D4by means*6f*- 
the delay clocks DCLK1 - DCLK4. 

By adopting the arrangement described above, the so 
maximum operating frequency of the circuit elements of 
changeover circuit 32 will be about 46.7 MHz if the input 
frequency of the input image signal VDO is 7 MHz, by 
way of example. As a result, it will suffice to use ele- 
ments which operate stably at 50 MHz as the elements 55 
of the changeover circuit. 

As long as stable operation of the changeover cir- 
cuit elements is assured, the present invention is not lim- 



ited as to the number of delay clock signals and the 
phase differences among them. 

In addition, there is no limitation as to the number 
of bits constituting the input image signal or the number 
of items of image data inputted to the changeover circuit. 

In accordance with this embodiment, as described 
above, the input image signal can be subjected to pulse- 
width modulation in a time unit shorter than the period 
of the master clock signal without altering the master 
clock period within one period of the input image signals. 

Furthermore, a multivalued input recording is con- 
verted into a plurality of different signals having lengths, 
of time shorter than the period of the master clock signal 
without altering the period of the master clock signal 
within one period of the input image signal, thereby mak- 
ing it possible to perform pulse-width modulation in ac- 
cordance with a predetermined weighting. 

Thus, in accordance with the present invention as 
described above, there is provided an image signal con- 
verting method in which a high-tone recording signal can 
be obtained without raising the frequency of the master 
clock signal, and in which a high resolution can be real- 
ized economically by using expensive, high-speed op- 
erating circuit elements solely within the minimum nec- 
essary range. 

As many apparently widely different embodiments 
of the present invention can be made without departing 
from the scope thereof, it is to be understood that the 
invention is not limited to the specific embodiments 
thereof. 



Claims 

1. A pulse width modulating circuit for modulating a 
multivalued input signal (VDO) into a pulse signal 
(OPD) having a corresponding pulse width, the cir- • 
cu it comprising: 

converting means (1, 2, 3, 4, 5, 13, 14; 27,»28, . 
29, 30) for converting the multivalued ihpr|^ ! g^ 
nal (VDO) into a plurality of parallel binary sig- 
nals (D1, D2; D1-D4); 1 
clock generating means (10; 31) for providing 
a first clock signal (CLK); and 
formin g means (15; 32) for forming a pulse 
" width modulated signal (OPD) from said plural- 



ity of parallel binary signals (D1 , D2; D1 -D4) us- 
ing said first clock signal (CLK),: said pulse 
width modulated signal (OPD) having a mini- 
mum pulse width shorter. than a period of said 
first clock signal (CLK). 

characterised in that: 

said converting means (1 , 2, 3, 4, ,5,-1 3, 14; 27, 
28, 29, 30) is adapted to generate said plurality 
of binary signals (D1 , D2; D 1 -D4) having equar 
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pulse widths; 

said clock generating means (10; 31 ) is adapt- 
ed to generate a plurality of second clock sig- 
nals (SCLK1, SCLK2; DCLK1-DCLK4) from 
said first clock signal (CLK), said second clock 
signals (SCLK1, SCLK2; DCLK1 -DCLK4) be- 
ing of the same frequency but of mutually dif- 
ferent phases and corresponding in number to 
the number of said plurality of parallel binary 
signals (D1, D2; D1-D4); and 
said forming means (15; 32) is adapted to out- 
put each of said plurality of parallel binary sig- 
nals (D1 , D2; D1 -D4) in phase sequence deter- 
mined by said second clock signals 
(SCLK1.SCLK2; DCLK1-DCLK4) to form said 
pulse width modulated signal (OPD). 

2. A pulse width modulating circuit as claimed in claim 
1 wherein said forming means (15; 32) includes se- 
lectyig means (17-1 9; 36-39, 40-43) for sequentially 
selecting each of said plurality of parallel binary sig- 
nals (D1, D2; D1-D4) to combining means (20; 44) 
to form said pulse width modulated signal (OPD). 

3. A pulse width modulating circuit as claimed in claim 
1 or claim 2 in which the converting means (1 , 2, 3, 
4, 5, 13, 14; 27, 28, 29, 30) includes means (1) for 
splitting the multivalued input signal (VDO) into a 
plurality of paths. 

* ■ 

4. A pulse width modulating circuit as claimed in claim 
3, wherein said converting means (1, 2, 3, 4, 5, 13, 
14; 27, 28, 29, 30) includes a plurality of compara- 
tors (4, 5) each connected to one of said paths, each 
comparator (4, 5) being adapted to convert the mul- 
tivalued input signal (VDO) supplied thereto into 
one of said plurality of parallel binary signals (D1, 
D2). 

5. A pulse width modulating circuit as claimed in claim 

4 wherein said comparators (4, 5) are each provid- 
ed with a respective digital sawtooth waveform 
(CMPD1 , CMPD2) for comparison with the multival- 
ued input signal (VDO) in respective paths. 

6. A pulse width modulating circuit as claimed in claim ^ 

5 wherein said converting means (1 , 2, 3, 4, 5, 13, 
14; 27, 28, 29, 30) includes a plurality of latches (2, 
3) each connected to one of said paths, each said 
latch (2, 3) being adapted to receive the multivalued 
input signal (VDO) and a said second clock signal 
(SCLK1 , SCLK2) and to output the multivalued in- 
put signal (VDO) synchronously with the second 
clock signal (SCLK1, SCLK2) to a respective said 
comparator (4, 5), 

7. . A pulse width modulating circuit as claimed in any 

preceding claim wherein said forming means (15) 



comprises a flip-flop (17) having said second clock 
signals (SCLK1 , SCLK2) as inputs; a plurality of 
AND gates (18, 19) each AND gate combining one 
of said binary signals (D 1 , D2) and an output of said 
5 flip-flop (17); and an OR gate (20) connected to the 
outputs of said AND gates (18, 19) to form said 
pulse width modulated signal (OPD). 

8. A pulse width modulating circuit as claimed in any 
10 preceding claim, wherein said clock generating 
means (10; 31) includes delay means (10, 31) for 
delaying said first clock signal (CLK) to generate 
said second clock signals (SCLK1, SCLK2; 
DCLK1-DCLK4). 
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A pulse width modulating circuit as claimed in claim 
1 wherein said converting means (1 , 2, 3, 4, 5, 13, 
14; 27, 28, 29, 30) includes a storage table (29) for 
storing said plurality of parallel binary signals, and 
an address converting circuit (28) which converts 
values in the multivalued input signal (VDO) into ad- 
dresses of said storage table (29) for addressing 
data in said storage table (29) to output said pi u rality 
of parallel binary signals (D1 -D4). ^ 



25 



1 0. A pulse width modulating circuit as claimed in claim 

9 wherein said storage table (29) is adapted to store 
said plurality of parallel binary signals where each 
said binary signal has a different weighting; and 

30 said clock generating means (1 0; 31 ) is adapted to 
generate said second clock signals 
(DCLK1-DCLK4) with mutual phase differences 
which are weighted accordingly. 

35 11, A pulse width modulating circuit as claimed in claim 

10 wherein said forming means (32) comprises a 
plurality of flip-flops (36-39) connected . at inputs 
thereof to said second clock signals 
(DCLK1 -DCLK4); a plurality of AND gates (40-43), 

40 ' each AND gate (40-43) combin jng one of said bina- 
ry signals (D1-D4) and .^n output of a respective 
said flip-flop (36-39); ahcJ an OR gate (44) connect- 
ed to the outputs of said AND gates (40-43) to form 
said pulse width modulated signals (OPD). 



45 
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12. A pulse width modulated circuit as claimed in claim 
1 wherein said converting means (1 , 2, 3, 4, 5", 13, 
14; 27, 28, 29, 30) is adapted to convert the multi- 
valued input digital signal (VDO) into a plurality of 
parallel binary signals (D1-D4) having different 
weightings; and said clock generating means (10; 
31) is adapted to generate said second clock sig- 
nals (DCLK1 -DCLK4) with mutual phase differenc- 
es which are weighted accordingly. 

13. Image forming apparatus comprising: • . 

the pulse width modulating circuit as claimed in 
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any preceding claim for pulse width modulating 
said multivalued input signal (VDO) comprising 
pixel data; and 

image forming means for receiving said pulse 
width modulated signal (OPD) and forming an s 
image. 

14. Image forming apparatus as claimed in claim 13 
wherein said image forming means comprises irra- 
diating means for irradiating a light sensitive body 10 
with light modulated by said pulse width modulated 
signal (OPD). 

15. A method of generating a pulse width modulated 
signal (OPD) from a multivalued input signal (VDO), is 
the method comprising the steps of: 



converting the multivalued input signal (VDO) 

into a plurality of parallel binary signals (D1, D2; 21. 

D1-D4); 20 

providing a first clock signal (CLK); and 

forming a pulse width modulated signal (OPD) 

from said plurality of parallel binary signals (D1 , 

D2; D1-D4) using said first clock signals (CLK), 

said pulse width modulated signal (OPD) hav- 25 

ing a minimum pulse width shorterthan a period 

of said first clock signal (CLK); 



characterised in that: 



tivalued input signal (VDO) in each said plurality of 
paths is converted into one of said plurality of par- 
allel binary signals (D1, D2) by a respective com- 
parator (4, 5). 

19. A method as claimed in claim 18 wherein said com- 
parators (4, 5) are each provided with a respective 
digital sawtooth waveform (CMPD1, CMPD2) for 
comparison with the multivalued input signal (VDO) 
in respective paths. 

20. A method as claimed in claim 19 wherein the mul- 
tivalued input signal (VDO) is input into a latch (2, 
3) in each said path, and the multivalued input sig- 
nal (VDO) is output in response to the said second 
clock signal (SCLK1 , SCLK2) for input to a respec- 
tive comparator (4, 5). 



22. 



30 



said plurality of binary signals (D1, D2; D1-D4) 
are generated by the converting step to have 
equal pulse widths; 

a plurality of second clock signals (SCLK1, 
SCLK2; DCLK1-DCLK4) are generated from 35 
said first clock signal (CLK), said second clock 
signals (SCLK1 , SCLK2; DCL£1-DCLK4) be- 
ing of the same frequency but of mutually dif- 
ferent phases and corresponding to the number 
of said plurality of parallel binary signals (D1, 40 
D2; D1-D4);and 

outputting each of said plurality of parallel bina- 
ry signals (D1 , D2; D1-D4) in phase sequence 
determined by said second clock signals 
(SCLK1, SCLK2; DCLK1-DCLK4) to form said 45 
pulse width modulated signal (OPD). 

~ . -- 

16. Method as claimed in claim 15 wherein the pulse 
width modulated signal (OPD) is formed by sequen- 
tially selecting each of said plurality of parallel bina- so 
ry signals (D1 , D2; D1-D4) to be combined to form 
said pulse width modulated signal (OPD). 

1 7. A method as claimed in claim 1 5 or claim 1 6 wherein 
the multivalued input signal (VDO) is split into a plu- ss 
rality of paths. 

18. A method as claimed in claim 17 wherein the mul- 



A method as claimed in any one of claims 15 to 20 
wherein said second clock signals (SCLK1 , SCLK2) 
are input to a flip-flop (17), an output of the flip-flop 
(17) and a respective one of said parallel binary sig- 
nals (D1, D2) are combined by a respective AND 
gate (18, 19), and the output of the AND gates (18, 
19) are input to an OR gate (20) to form said pulse 
width modulated signal (OPD). 

A method as claimed in any one of claims 15 to 21 
wherein said second clock signals are generated 
using respective delays. 



23. A method as claimed in claim 15 or claim 16wherefh 
the multivalued input signal (VDO) is converted into 
addresses of a storage table (29) for addressing da- 
ta in the storage table (29) to output said plurality of . 
parallel binary signals (D1-D4) which are 6tored in 
the storage table (29). 

24. A method as claimed in claim 23 wherein said stor- 
age table (29) stores said plurality of parallel binary 
signals which each have a different weighting, and 
said second clock signals (DCLK1 -DCLK4) are 
generated with mutual phase differences which are " 
weighted accordingly. 

25. A method as claimed in claim 24 wherein each said - 
• - - -second clock signal (DCLK1-DCLK4) is input to a 

respective flip-flop (36-39), an output of a respec^ 
tive flip-flop (36-39) and a respective one of said 
plurality of parallel binary signals (Qt -D4) being in- 
put to a respective AND gate (40-43), the .outputs • 
of the AND gates (40-43) being input into an- OR 
gate (44) to form said pulse width modulated signal 
(OPD). 

26. A method as claimed in claim 15 or claim 16 where in 
said multivalued input digital signal (VDO) is con- ! 
verted into a plurality of binary signals having differ- 
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ent weightings; and said second clock signals 
(DCLK1-DCLK4) are generated with mutual phase 
differences which are weighted accordingly. 

27. A method of forming an image comprising forming 
a pulse width modulated signal (OPD) from said 
multivalued input signal (VDO) comprising pixel da- 
ta using the method of any one of claims 1 5 to 26; 
and forming an image using said pulse width mod- 
ulated signal (OPD). 
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28. A method as claimed in claim 27 wherein step of 
forming an image comprises the step of irradiating 
a light sensitive body with light modulated by said 
pulse width modulated signal (OPD). is 



Patentanepruche 



1. Pulsbreitenmodulationsschaltung zur Modulation 
eines mehrwertigen Eingangssignals (VDO) in ein 
Impulssignal (OPD) mit einer entsprechenden Im- 
pulsbreite mit 



20 
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einer Umwandlungseinrichtung (1, 2, 3, 4, 5, 
13, 14; 27, 28, 29, 30) zur Umwandlung das 
mehrwertigen Eingangssignals (VDO) in eine 
Vielzahl von parallelen Binarsignalen (D1, D2; 
D1-D4), 

einer Takterzeugungseinrichtung (10; 31) zur^a 
Bereitstellung eines ersten Taktsignals (CLK) 
und 

einer Ausbildungseinrichtung (15; 32) zur Aus- 
bildung eines pulsbreitenmodulierten Signals 
(OPD) aus der Vielzahl der parallelen Binarsi- 
gnale (D1, D2; D1-D4) unter Verwendung des 
ersten Taktsignals (CLK), wobei das pulsbrei- 
tenmodulierte Signal (OPD) eine minimale Im- 
pulsbreiteaufwei&t, die kleiner als eine Periode 
des ersten Taktsignals (CLK) ist, 



dadurch gekennzeichnet, daft 

die Umwandlungseinrichtung (1, 2, 3, 4, 5, 13, 
14; 27 ( 28, 29, 30) zur Erzeugung der Vielzahl 
der Binarsignale (D1, D2; D1-D4) mit gleichen 
I mpulsbreiten angepaBt ist, "**- w «<****~ — 
die Takterzeugungseinrichtung (10; 31) zur Er- 
zeugung einer Vielzahl von zweiten Taktsigna- 
len (SCLK1 , SCLK2; DCLK1 -DCLK4) aus dem 
ersten Taktsignal (CLK) angepaBt ist, wobei die 
zweiten Taktsiqnale (SCLK1, SCLK2; 
DCLK1-DCLK4) die gleiche Frequenz aber ge- 
genseitig verschiedene Phasen aufweisen und 
- in der Anzahl der Anzahl der vielzahl der par- 
allelen Binarsignale (D1, D2; D1-D4) entspre- 
chen, und 

die Ausbildungseinrichtung (15; 32) zur Ausga- 
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be jedes der Vielzahl der parallelen Binarsigna- 
le (D1, D2; D1-D4) in einer durch die zweiten 
Taktsignale (SCLK1, SCLK2; DCLK1 -DCLK4) 
bestimmten Phasenfolge angepaftt ist, um das 
pulsbreitenmodulierte Signal (OPD) auszubil- 
den. 

2. Pulsbreitenmodulationsschaltung nach Anspruch 
1, 

dadurch gekennzeichnet, daft 

die Ausbildungseinrichtung (15; 32) eine Auswahl- 
einrichtung (17-19; 36-39, 40-43) zur aufeinander- 
folgenden Auswahl jedes der Vielzahl der parallelen 
Binarsignale (D1 , D2; D1-D4) fur eine Verbindungs- 
einrichtung (20; 44) zur Ausbildungdes pulsbreiten- 
modulierten Signals (OPD) enthalt. 

3. Pulsbreitenmodulationsschaltung nach Anspruch 1 
Oder 2 ( 

dadurch gekennzeichnet, daft 

die Umwandlungseinrichtung (1, 2, 3, 4, 5, 13, 14; 
27, 28, 29, 30) eine Einrichtung (1) zum Aufspaften 
des mehrwertigen Eingangssignals (VDO) in eine 
Vielzahl von Pfaden enthalt. 

4. Pulsbreitenmodulationsschaltung nach Anspruch 
3, 

dadurch gekennzeichnet, daft 

Umwandlungseinrichtung (1, 2, 3, 4, 5, 13, 14; 27, 
^28 l v29,^30) , eine^ielzahl von Vergleichereinrichtun- 
gen (4, 5) enthalt, die jeweils mit einem der Pfade 
verbunden sind, wobei jede Vergleichereinrichtung 
(4, 5) zur Umwandlung des zugefuhrten mehrwer- _ 
tigen Eingangssignals (VDO) in eines der Vielzahl 
der parallelen Binarsignale (D1, D2) angepaBt ist. 

5. Pulsbreitenmodulationsschaltung nach Anspruch 
4. 

dadurch gekennzeichnet, daft 

die Vergleichereinrichtungen (4, 5) jeweils mit ei- 
nem jeweiligen digitalen Sagezahnsignalverlauf 
(CMPD1, CMPD2) zum Vergleich mit dem mehr- 
wertigen Eingangssignal (VDO) auf jeweiligen Pfa- 
den versehen sind. 

6. Pulsbreitenmodulationsschaltung nach Anspruch 



so 
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dadurch gek enn zeichnet. daft 

die Umwandlungseinrich'fung (1, 2, 3, 4, 5, 13, 14; 
27, 28, 29, 30) eine Vielzahl von Signalspeichern 
(2, 3) enthalt, die jeweils mit einem der Pfade ver- 
bunden sind, wobei jederSignalspeicher(2, 3) zum 
Empfang des mehrwertigen Eingangssignals 
(VDO) und des zweiten Taktsignals (SCLK1, 
SCLK2) und zur Ausgabe des mehrwertigen Ein- 
gangssignals (VDO) synchron mit dem zweiten: 
Taktsignal (SCLK1, SCLK2) an die jeweilige Ver^ 
gleichereinrichtung (4, 5) angepaBt ist. :: # 
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7. Pulsbreitonmodulationsschaltung nach einem der 
vorhergehenden AnsprOche, 

dadurch gekennzelchnet, daft 
die Ausbildungseinrichtung (15) ein Flip-Flop (17) 
mit den zweiten Taktsignalen (SCLK1, SCLK2) als s 
Eingangssignale, sine Vielzahl von UND-Gattem 
(18, 19), wobei jedes UND-Gatter eines der Binar- 
signale (D1, D2) und ein Ausgangssignal des Flip- 
Flops (17) verbindet, und ein ODER-Gatter (20) 
enthalt, das mit den Ausgangen der UND-Gatter 10 
(18, 19) zur Ausbildung des pulsbreitenmodulierten 
Signals (OPD) verbunden ist. 

8. Pulsbreitenmodulationsschaftung nach einem der 
vorhergehenden Anspruche, is 
dadurch gekennzelchnet, daQ 

die Takterzeugungseinrichtung (10; 3t ) eine Verzo- 
gerungseinrichtung (10, 31) zur Verzogerung des 
ersten Taktsignals (CLK) zur Erzeugunq der zwei- 
ten Taktsignale (SCLKVSCLK2; DCLK1-DCLK4) 20 
enthalt. 

9. Pulsbreitenmodulationsschaltung nach Anspruch 
1, 

dadurch gekennzelchnet, dafl 25 

die Umwandlungseinrichtung (1, 2, 3, 4, 5, 13, 14; 
27, 28, 29, 30) eine Speichertabelle (29) zur Spei- 
cherung der Vielzahl der parallelen Binarsignale 
und eine Adressenumwandlungsschaltung (28) 
enthalt, die Werte in demmehrwertigen'Eingangs— >30 
signal (VDO) in Adressen der Speichertabelle (29) 
zur Adressierung von Daten in der Speichertabelle 
(29) zur Ausgabe der Vielzahl der parallelen Binar- 
signale (D1-D4) umwandelt. 

.7 35 

10. Pulsbreitenmodulationsschaltung nach Anspruch 
9, 

dadurch gekennzelchnet, daft 

die Speichertabelle (29) zur Speicherung der Viel- 
zahl der parallelen Binarsignale angepaBt ist, wobei 40 
jedes der 'Binarsignale eine unterschtedliche Ge- 
wichtung a uf we ist, und die Takterzeugungseinrich- 
tung (10; 31) zur Erzeugung der zweiten Taktsigna- 
le (DCLK1-DCLK4)mit gegenseitigen Phasendiffe- 
renzen angepaBt ist, die entsprechend gewichtet 45 



sind. 




11. Pulsbreitenmodulationsschaltung nach Anspruch 
10, 

dadurch gekennzelchnet, daO so 

die Ausbildungseinrichtung (32) eine Vielzahl von 
Flip-Flops (36-39), deren Eingange mit den zweiten 
Taktsignalen (DCLK1-DCLK4) verbunden sihd, ei- 
ne Vielzahl von UND-Gattern (40-43), wobei jedes 
UND-Gatter (40-43) eines der Binarsignale (D1 -D4) s$ 
und ein Ausgangssignal des jeweiligen Flip-Flops 
(36-39) verbindet, und ein ODER-Gatter (44) auf- 
weist, das mit den Ausgangen der UND-Gatter 
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(40-43) zur Ausbildung des pulsbreitenmodulierten 
Signals (OPD) verbunden ist. 

12. Pulsbreitenmodulationsschaltung nach Anspruch 
1, 

dadurch gekennzelchnet, daft 

die Umwandlungseinrichtung (1, 2, 3, 4, 5, 13, 14; 
27, 28, 29, 30) zur Umwandlung des mehrwertigen 
digitalen Eingangssignals (VDO) in eine Vielzahl 
von parallelen Binarsignalen (D1-D4) mit unter- 
schiedlichen Gewichtungen angepaBt ist und die 
Takterzeugungseinrichtung (10; 31) zur Erzeugung 
der zweiten Taktsignale (DCLK1 -DCLK4) mit ge- 
genseitigen Phasendifferenzen angepaBt ist, die 
entsprechend gewichtet sind. 

13. Bildausbildungsvorrichtung mit 

der Pulsbreitenmodulationsschaltung nach ei- 
nem der vorhergehenden Anspruche zur Puls- 
breitenmodulatioh des Bildelementdaten auf- 
weisenden' mehrwertigen Eingangssignals 
(VDO) und 

einer Bildausbildungseinrichtung zum Emp- 
fang des pulsbreitenmodulierten Signals 
(OPD) und zur Ausbildung eines Bildes. 

14. Bildausbildungsvorrichtung nach Anspruch 13, 
wobei die Bildausbildungseinrichtung eine Best rah - 
lungseinrichtung zur.*Bestrahlung eines Itchtemp- 
findlichen Korpers mit durch das pulsbreitenmodu- 
lierte Signal (OPD) moduliertem Licht. 

15. Verfahren zur Erzeugung eines pulsbreitenmodu- 
lierten Signals (OPD) aus einem mehrwertigen Ein- 
gangssignal (VDO) mit den Schritten 

Umwandeln • des mehrwertigen . Eingangssi- 
gnals (VDO) in eine Vielzarv&on parallelen Bi- 
narsignalen (D1,D2; D1-D4), 
Bereitsteljen eines^ ersten Taktsignals (CLK) 
und 

Ausbilden eines pulsbreitenmodulierten Si- 
gnals (OPD) aus der Vielzahl der parallelen Bi- 
narsignale (D1 , D2; D1-D4) unter Verwendung 
des ersten Taktsignals (CLK), wobei das puls- 
breitenmodulierte'Signal (OPD) eine minimale 
Impulsbreite aufweist, die kleiner als eine Peri- 
ode des ersten Taktsignals (CLK) ist, 

dadurch gekennzelchnet, daO 

die Vielzahl der Binarsignale (D1, D2; D1-D4) 
durch den Umwandlungsschrrtt derart erzeugt 
werden, daG sie gleiche Impulsbreiten aufwei- 
sen, 

eine Vielzahl von zweiten Taktsignalen 
(SCLK1 , SCLK2; DCLK1 -DCLK4) aus dem er- 
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sten Taktsignal (CLK) erzeugt werden, wobei 
die zweiten Taktsignale (SCLK1, SCLK2; 
DCLK1 -DCLK4) die gleiche Frequenz aber ge- 
genseitig verschiedene Phasen aufweisen und 
der Anzahl der Vielzahl der paralleien Binarsi- s 
gnale (D1, D2; D1-D4) entsprechen, und 
jedes der Vielzahl der paralleien Binarsignale 
(D1 , D2; D1 -D4) in einer durch die zweiten Takt- 
siqnale (SCLK1, SCLK2; DCLK1-DCLK4) be- 
stimmten Phasenfolge zur Ausbildung des 10 
pulsbreitenmodulierten Signals (OPD) ausge- 
geben wird. 

16. Verfahren nach Anspruch 15, 

dadurch gekennzeichnet, dafl is 

das pulsbreitenmodulierte Signal (OPD) durch auf- 
einanderfolgende Auswahl jedes der Vielzahl der 
paralleien Binarsignale (D1, 02; D1-D4) ausgebil- 
det wird, die zur Ausbildung des pulsbreitenmodu- 
lierten Signals (OPD) zu verbiriden sind. 20 

17. Verfahren nach Anspruch 15oder 16, 
dadurch gekennzeichnet, daft 

das mehrwertige Eingangssignal (VDO) in eine 
Vielzahl von Pfaden aufgespalten wird. 25 

18. Verfahren nach Anspruch 17, 
dadurch gekennzeichnet, daft 

das mehrwertige Eingangssignal (VDO) auf jedem 
der Vielzahl der Pfade durch eine jeweilige Verglei- *<*3o 
chereinrichtung (4, 5) in eines der Vielzahl der par- 
alleien Binarsignale (D1, D2) umgewandelt wird. 

19. Verfahren nach Anspruch 18, 

dadurch gekennzeichnet, daft 3$ 

die Vergleichereinrichtungen (4, 5) jeweils mit ei- 
nem jeweiligen digitalen Sagezahrisignalverlauf 
(CMPD1, CMPD2) zum Vergleich mit dem mehr- 
wertigen Eingangssignal (VDO) auf jeweiligen Pfa- 
den versehen sind. .40. 

20. Verfahren nach Anspruch ig, ■ . 
dadurch gekennzeichnet, daft 

das mehrwertige Einqanqssignal (VDO) in einen Si- 
gnalspeicher (2, 3) auf jedem Pfad eingegeben wird 45 
und das mehrwertige Eingangssignals (VDO) beru- 
hend auTc^fW^ite^ "(SCLKirSQliK?)*^ 1 
zur Eingabe in eine jeweilige Vergleichereinrich- 
tung (4, 5) ausgegeben wird. 

so 

21. Verfahren nach einerti der Anspruche 15 bis 20, 
dadurch gekennzeichnet, daft 

die zweiten Taktsignale (SCLK1 , SCLK2) in ein Flip- 
Flop (17) eingegeben werden, ein Ausgangssignal 
des Flip-Flops (17) und ein jeweiliges der paralleien 55 
Binarsignale (D1, D2) durch ein jeweiliges UND- 
Gatter (18, ig) verbunden werden und die Aus- 
gangssignale der UND'-Gatter (18, 19) in ein 
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ODER-Gatter (20) zur Ausbildung des pulsbreiten- 
modulierten Signals (OPD) eingegeben werden. 

22. Verfahren nach einem der Anspruche 15 bis 21 , 
dadurch gekennzeichnet, daft 

die zweiten Taktsignale unter Verwendung jeweili- 
ger Verzogerungen erzeugt werden. 

23. Verfahren nach Anspruch 15 Oder 16, 
dadurch gekennzeichnet, daft 

das mehrwertige Eingangssignal (VDO) in Adres- 
sen einer Speichertabelle (29) zur Adressierung 
von Daten in der Speichertabelle (29) zur Ausgabe 
der Vielzahl der paralleien Binarsignale (D1-D4) 
umgewandelt wird, die in der Speichertabelle (29) 
gespeichert sind. 

24. Verfahren nach Anspruch 23, 
dadurch gekennzeichnet, daft 

die Speichertabelle (29) die Vielzahl der paralleien 
Binarsignale speichert, die jeweils eine unter- 
schiedliche Gewichtung aufweisen, und die zweiten 
Taktsignale (DCLK1-DCLK4) mit gegenseitigen 
Phasen d iff erenzen erzeugt werden, die entspre- 
chend gewichtet sind. 

25. Verfahren nach Anspruch 24, 
dadurch gekennzeichnet, daft 

jedes zweite Taktsiqnal (DCLK1 -DCLK4) in ein je- 
weiliges Flip-Flop (36-39) eingegeben wird, wobei 
ein Ausgangssignal eines jeweiligen Flip-Flops 
(36-39) und ein jeweiliges der Vielzahl der paralle- 
ien Binarsignale (D1-D4) in ein jeweiliges UND- 
Gatter (40-43) eingegeben werden, und wobei die 
Ausgangssignale der UND-Gatter (40-43) in ein 
ODER-Gatter (44) zur Ausbildung des pulsbreiten- 
modulierten Signals (OPD) eingegeben werden. 

26. Verfahren nach Anspruch 15 Oder 16, 
dadurch gekennzeichnet, dafl ~ ; - 

das mehrwertige digitale Eingangssignal (VDO) in 
eine Vielzahl von Binarsignalen mit unterschiedii- 
chen Gewichtungen umgewandelt wird und die 
zweiten Taktsignale (DCLK1 -DCLK4) mit gegensei- 
tigen Phasendifferenzen erzeugt werden, die ent- 
sprech end gewichtet sind. 

27. Verfahren zur Ausbildung eines Bildes mit den 
Schritten 

Ausbilden eines pulsbreitenmodulierten Si- 
gnals (OPD) aus dem Bildelementdaten auf- 
weisenden mehrwertigen Eingangssignal 
(VDO) unter Verwendung des Verfahrens nach , 
einem der Anspruche 1 5 bis 26 und 
Ausbilden eines Bildes unter Verwendung des 
pulsbreitenmodulierten Signals (OPD). 
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28. Verfahren nach Anspruch 27, 

wobei der Schritt zur Ausbildung eines Bildes den 
Schritt zur Bestrahlung eines lichtempfindlichen 
Korpers mit durch das pulsbreitenmodulierte Signal 
(OPD) moduliertem Licht aufweist. 5 



Revendications 

1. Circuit de modulation en largeur compulsion pour 10 
moduler un signal d'entree (VDO) a valeurs multi- 
ples en un signal (OPD) d'impulsion ayant une lar- 
geur d'impulsion correspondante, le circuit compre- 
nant: 

75 

un jnoyen (1 , 2, 3, 4, 5, 13, 14; 27, 28, 29, 30) 
de conversion pour convertir le signal (VDO) 
d'entcee a valeurs multiples en une pluralite de 
signaux (D1, D2; D1-D4) binaires paralleles; 
un moyen (10; 31) degeneration d'horloge pour 20 
fournir un premier signal (CLK) d'horloge; et 
un moyen (15; 32) deformation pour former un 
signal (OPD) module en largeur d'impulsion a 
partir de ladite plurality de signaux (D1, D2; 
D1 -D4) binaires paralleles en utilisant ledit pre- 25 
mier signal (CLK) d'horloge, ledit signal (OPD) 
moduli en largeur d'impulsion ayant une lar- 
geur d'impulsion minimum plus courte que la 
periode dudit premier signal (CLK) d'horloge, 

30 

caracterise en ce que: 

ledit moyen (1 , 2, 3, 4, 5,13,1 4; 27, 28, 29, 30) 
de conversion est apte a g6nerer ladite pluralite 
de signaux binaires (D1 , D2; D1 -D4) ayant des 35 
largeurs d'impulsion egales; 
. . . ledit moyen (10; 31> de generation d'horloge 
. est apte a generer une plurality de seconds si- 
gnaux (SCLK1 , SCLK2; DCLK1-DCLK4) d'hor- 
. loge a partir dudit premier signal (CLK) d'horto- *o 
ge, lesdits seconds*signaux (SCLK1, SCLK2; 
DCLK1-DCLK4) d'horloge 6tant de meme fre- 
quence mais de phases mutuellement diffe ren- 
tes et correspondant en nombre au nombrede 
ladite pluralite de signaux binaires paralleles 
(D1.D2; D1-D4);et 

ledit moyen (15; 32) de formation est apte ade- 
livrer chacun de ladite pluralite de signaux bi- 
naires paralleles (D1, D2; D1-D4) dans I'ordre 
des phases determine par lesdits seconds si- so 
gnaux (SCLK1 , SCLK2; DCLK1 -DCLK4) d'hor- 
loge pour former ledit signal (OPD) module en 
largeur d'impulsion. 

2. Circuit de modulation de largeur d'impulsion selon 55 
la revendication 1 , dans lequel ledit moyen de for- 
mation (15; 32) comporte un moyen de selection 
(17-19; 36-39; 40-43) pourselectionnersequentiel- 



lement chacun de ladite pluralite" de signaux binai- 
res paralleles (D1, D2; D1-D4) pour un moyen de 
combinaison (20; 44), afin de former ledit signal 
(OPD) module en largeur d'impulsion. 

3. Circuit de modulation de largeur d'impulsion selon 
la revendication 1 ou la revendication 2, dans lequel 
le moyen de conversion (1, 2, 3, 4, 5, 13, 14; 27, 
28, 29, 30) comporte un moyen (1 ) pour separer le 
signal (VDO) d'entree a valeurs multiples en une 
pluralite detrajets. 

4. Circuit de modulation de largeur d'impulsion selon 
la revendication 3, dans lequel ledit moyen de con- 
version (1, 2, 3, 4, 5, 13, 14; 27, 28, 29, 30) com- 
porte une plurality de comparateurs (4, 5) connec- 
ts chacun a I'un desdits trajets, chaque compara- 
tor (4, 5) elant apte a convertir le signal (VDO) 
d'entree a valeurs multiples qui I ui est applique en 
I'un de ladite pluralite de signaux binaires paralleles 
(D1, D2). ' 

5. Circuit de modulation de largeur d'impulsion selon 
la revendication 4, dans lequel lesdits compara- 
teurs (4, 5) sont pourvus chacun d'une forme d'onde 
en dents de scie numerique respective (CMPD1, 
CMPD2) pour la comparison avec le signal (VDO) 
d'entree a valeurs multiples, dans des trajets res- 
pect its. 

6. Circuit de modulation de largeur d'impulsion selon 
la revendication 5, dans lequel ledit moyen de con- 
version (1, 2, 3, 4, 5, 13, 14; 27, 28, 29, 30) com- 
porte une pluralite de dispositifs de verrouillage (2, 
3) connectes chacun a i'un desdits trajets, chacun 
desdits dispositifs de verrouillage (2, 3) etant apte 
a recevoir le signal (VDO) d'entree a valeurs multi- 
ples et I'un desdits seconds signaux d'horloge 
(SCLK1 , SCLK2) et a delivrer le signal (VDO) d'en-. 
tree a valeurs multiples de man i ere synch rone avec - 
le second signal d'horloge (SCLK1, SCLK2), a un 
comparateur respectif (4, 5). 

7. Circuit de modulation de largeur d'impulsion selon 
Tune quelconque des revendications precedentes, 
dans lequel ledit moyen de formation (15) com- 
prend une bascule (17) ayant, en entrees, lesdits 
seconds signaux d'horloge (SCLK1, SCLK2); une 
pluralite de portes ET. (18, 19), chaque porte ET 
combinant I'un desdits signaux binaires (D1, D2) et 
une sortie de ladite bascule (17); et une porte OU 
(20) connectee aux sorties desdites portes ET (18, 
19) pour former ledit signal (OPD) module en lar- 
geur d'impulsion.- ' : 

8. Circuit de modulation de largeur d'impulsion selon 
Tune quelconque des revendications precedentes, 
dans lequel ledit moyen (10; 31) de generation 
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d'horloge comporte un moyen a retard (1 0, 31 ) pour 
retarder ledit premier signal d'horloge (CLK) afin de 
ggnerer lesdits seconds signaux d'horloge (SCLK1 , 
SCLK2; DCLK1-DCLK4). 

5 

9. Circuit de modulation de largeur d 1 impulsion selon 
la revendication 1 , dans lequel ledit moyen de con- 
version (1, 2, 3, 4, 5, 13, 14; 27, 28, 29, 30) com- 
porte une table (29) de stockage pour stocker ladite 
pluralite de signaux binaires paralleles, et un circuit 10 
(28) de conversion d'adresse qui convertit des va- 
lours, dans le signal (VDO) d'entree a valeurs mul- 
tiples, en adresses de ladite table (29) de stockage 
pour adresser des donnees dans ladite table (29) 

de stockage en vue de d6livrer ladite pluralite de is 
signaux binaires paralleles (D1 -D4). 

10. Circuit de modulation de largeur d'impulsion selon 
la revendication 9, dans lequel ladite table (29) de 
stockage est apte a stocker ladite pluralite de si- <?<> 
gnaux binaires paralleles, chacun desdits signaux 
binaires ayant un poids different; et ledit moyen (1 0; 

31 ) de generation d'horloge est apte a gen6rer les- 
dits seconds signaux d'horloge (DCLK1 -DCLK4) 
avec des differences de phase mutuelles qui sont 25 
pond£r6es en consequence. 

11. Circuit de modulation de largeur d'impulsion selon 
la revendication 10, dans lequel ledit moyen de for- 
mation (32)rcomprend<unefpluralit6 de-'bascules^^ 
(36-39) connectees a ses entries auxdits seconds 
signaux d'horloge (DCLK1 -DCLK4); une pluralite 

de portes ET (40-43), chaque porte ET (40-43) 
combinant Tun desdits signaux binaires (D1-D4) et 
une sortie d'une bascule respective desdites bas- 35 
cules (36-39); et une porte OU (44) connected aux 
sorties desdites portes ET (40-43) pour former les- 
dits signaux (OPD) modules en largeur d'impulsion. 

12. Circuit de modulation en largeur d'impulsion selon 40 
la revendication 1 , dans lequel ledit moyen de con- 
version (1, 2, 3, 4, 5, 13, 14; 27, 28, 29, 30) est apte 

a convertir le signal (VDO) d'entree a valeurs mul- 
tiples en une pluralite de signaux binaires paralleles 
(D1-D4) ayant des poids diff6rents; et ledit moyen 45 
(10; 31 ) de generation d'horloge est apte a g6nerer 
lesdits seconds signaux d'horloge (DCLK1 -DCLK4) 
avec des differences de phase mutuelles qui sont 
pond6r6es en consequence. 

so 

13. Appareil de formation d' image comprenant: 

le circuit de modulation de largeur d'impulsion # 
selon Tune quelconque des revendications pr6- 
cedentes, pour moduler en largeur d'impulsion 55 
ledit signal (VDO) d'entree a valeurs multiples 
comprenant des donnees de pixel; et 
un moyen de formation d'image pour recevoir 



ledit signal (OPD) module en largeur d'impul- 
sion et former une image. 

14. Appareil de formation d'image selon la revendica- 
tion 1 3, dans lequel ledit moyen de formation d'ima- 
ge comprend un moyen d'irradiation pour irradier un 
corps sensible a la I u mi ere avec de la lumiere mo- 
dul6e par ledit signal (OPD) module en largeur d'im- 
pulsion. 

15. Precede de generation d'un signal (OPD) module 
en largeur d'impulsion a partir d'un signal (VDO) 
d'entree a valeurs multiples, le procede comprenant 
les etapes suivantes: 

conversion du signal (VDO) d'entree a valeurs 
multiples en une pluralite de signaux binaires 
paralleles (D1, D2; D1-D4); 
foumiture d'un premier signal d'horloge (CLK); 

formation d'un signal (OPD) module en largeur 
d'impulsion a partir de ladite pluralite de si- 
gnaux binaires paralleles (D1, D2; D1-D4) en 
utilisant lesdits premiers signaux d'horloge 
(CLK), ledit signal (OPD) module en largeur 
d'impulsion ayant une largeur d'impulsion mini- 
mum plus courte que la periode dudit premier 
signal d'horloge (CLK); 

.r*T W . caract6ris6 en ce que: 

ladite pluralite de signaux binaires (D1, D2; 
D1-D4) sont gen6r6s par l'6tape de conversion 
pour avoir des largeurs d'impulsion egales; 
une pluralite de seconds signaux d'horloge 
(SCLK1, SCLK2; DCLK1-DCLK4) sont gene- 
res a partir dudit premier signal d'horloge 
(CLK), lesdits seconds signaux d'horloge 
(SCLK1, SCLK2; DCLK1-DCLK4) 6tantdeme-. 
me frequence m'ais de phases mutuellement 
differentes et correspondant au nombre de la- 
dite pluralite de signaux binaires paralleles (D1 , 
D2; D1-D4); et 

chacun de ladite pluralite de signaux binaires 
paralleles (D1 , D2; D1-D4) est delivre dans i'or- 
dre des phases determine par lesdits seconds 
signaux d'horloge (SCLK1, SCLK2; 
DCLK1-DCL K4) po ur former ledit signal (OPD) 
module en largeur d'impulsion. 

16. Procede selon la revendication 15, dans lequel le 
signal (OPD) module en largeur d'impulsion est for- 
me par selection sequentielle de chacun de ladite . 
pluralite de signaux binaires paralleles (D1, D2; 
D1-D4) destines a dtre combines pour former ledit 
signal (OPD) module en largeur d'impulsion. 

17. Procede setoff la revendication 15 ou la revendica- 
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tion 16, dans lequel le signal (VDO) d'entr6e a va- 
lours multiples est separ6 en une plurality de trajets. 

18. Precede selon la revendication 17, dans lequel le 
signal (VDO) d'entree a valeurs multiples, dans s 
chacun de ladite plurality de trajets, est converti en 
I'un de ladite pluralite de signaux binaires paralleles 
(D1, D2) par un comparateur respectif (4, 5). 

19. Precede selon la revendication 18, dans lequel les- 10 
dits comparateurs (4, 5) sont chacun pourvus d'une 
forme d'onde en dents de scie numerique respecti- 
ve (CMPD1, CMPD2) pour la comparaison avec le 
signal (VDO) d'entree a valeurs multiples, dans des 
trajets respectifs. is 

20. Procdde selon la revendication 19, dans lequel le 
signal (VDO) d'entree a valeurs multiples est intro- 
duit dans un dispositif de verrouillage (2, 3) dans 
chacun desdits trajets, et le signal (VDO) d'entree 20 
a valeurs multiples est d6livr£ en rdponse audit se- 
cond signal d'horloge (SCLK1 , SCLK2) pour I'intro- 
duction dans un comparateur respectif (4, 5). 

21. Proc6de selon I'unequelconque des revendications 2s 
15 a 20, dans lequel lesdits seconds signaux d'hor- 
loge (SCLK1 , SCLK2) sont introdu its dans une bas- 
cule (17), une sortie de la bascule (17) et un signal 
respectif desdits signaux binaires paralleles (D1, 
D2) sont combine's par une porte ET respective (18, ^ 
19), et les sorties des portes ET (18, 19) sont intro- 
duces dans une porte OU (20) pour former ledit si- 
gnal (OPD) module en largeur d'impulsion. 

22. Proc6de selon I'une quelconque des revendications 35 
15 a 21 , dans lequel lesdits seconds signaux d'hor- 
loge sont g6n6r6s en utilisant des retards respec- 
tifs. 



respective (36-39), une sortie d'une bascule res- 
pective (36-39) et un signal respectif de ladite plu- 
ralite de signaux binaires paralleles (D1-D4) 6tant 
introdurts dans une porte ET respective (40-43), les 
sorties des portes ET (40-43) etant introduces dans 
une porte OU (44) pour former ledit signal (OPD) 
module en largeur d'impulsion. 

2G. Proc6d6 selon la revendication 15 ou la revendica- 
tion 16, dans lequel ledit signal (VDO) numerique 
d'entree a valeurs multiples est converti en une plu- 
ralite de signaux binaires ayant des poids differents; 
et lesdits seconds signaux d'horloge 
(DCLK1 -DCLK4) sont generis avec des differen- 
ces de phase mutuelles qui sont pond6re v es en con- 
sequence. 

27. Proc6de de formation d'une image comprenant la 
formation d'un signal (OPD) moduli en largeur d'im- 
pulsion a parti r dudit signal (VDO) d'entree a va- 
leurs multiples comprenant des donnees de pixel 
en utilisant le precede selon I'une quelconque des 
revendications 1 5 a 26; et de formation d'une image 
en utilisant ledit signal (OPD) module en largeur 
d'impulsion. 

28. Proc6d6 selon la revendication 27, dans lequel 
I'etape de formation d'une image comprend I'etape 
d'irradiation d'un corps sensible a la lurniere avec 
de la lurniere modulee par ledit signal (OPD) modu- 
li en largeur d'impulsion. 



23. Proc6de selon la revendication 15 ou la.revendica- 40 
tion 16, dans lequel le signal (VDO) d'entree a va- 
leurs multiples est converti en adresses d'une table 
(29) de stockage pour adresser des donnSes dans 

la table (29) de stockage en vue de delivrer ladite 
pluralite de signaux binaires paralleles (D1 -D4) qui 45 
sont stock6s dans la table (29) de stockage. 

24. Proc6de selon la revendication 23, dans lequel la- 
dite table (29) de stockage stocke ladite pluralite de 
signaux binaires paralleles qui ont chacun un poids so 
different, et lesdits seconds signaux d'horloge 
(DCLK1-DCLK4) sont g6n6res avec des differen- 
ces de phase mutuelles qui sont ponderees en con- 
sequence. 

ss 

25. Precede selon la revendication 24, dans lequel cha- 
cun desdits seconds signaux d'horloge 
(DCLK1-DCLK4) est introduit dans une bascule 
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